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PREFACE 

This review and the work entailed in compiling this report were carried out while the 
author was employed by the Department of Agriculture, University of Rhodesia. At this time it was 
decided to prepare a detailed "Species Synopsis" on the family Clariidae. The present manuscript 
is a preliminary coverage of the topic and the aim of producing this interim publication is to obtain 
suggestions and criticism of all interested parties involved in work on the Clariidae. 

The author would appreciate any suggestions, additions, or alterations that can be forwarded 
by workers in this field before July 1978. 

/ .. 
..... . "''~ , .. -· 

-· 
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ABSTRACT 

Clay, D. 1977. Biology of the tropical catfish (Family: Clariidae) with special emphasis on fts 
suitability for culture (including a bibliography of the Clariidae and related topics} •• Fish. 
Mar. Serv. HS Rep. 1458. 68 p. 

All available literature relevant to the culture of the Clariidae have been reviewed and 
evaluated. The present production of the catfish in inland African fisheries is estimated at over 
20S by weight of the commercial catch. Ctarias spp. is a particularly suitable fish for culture 
because of its dual respiratory system, its extreme hardiness, its broad feeding habits, and fts very 
wide range of habitat. Emphasis is placed on reviewing the reproduction and digestion of these fish 
and their importance for culture. A need of local variety trials is shown to be necessary in order 
to investigate the potential for culture of the indigenous rishes of Africa and Asia. 

Key words: Clariidae, culture, bibliography, growth, commercial fishing, reproduction, feeding, 
habitat, respiration, anatomy 

, " RESUME 

Clay, D. 1977. Biology of the tropical catfish (Family: Clariidae} with special emphasis on its 
suitability for culture (including a bibliography of the Clariidae and related topics}. Fish. 
Mar. Serv. MS Rep. 1458, 68 P• . 

Toute la documentation accessible sur l'elevage des Clariidae a ete passee en revue et 
evalu". On estime que la p@che actuelle de poissons-chats dans l'interieur du continent africain 
represente plus de 20'l., en poids, de la piche commerciale. L'espl!ce Clarias convient 
particuli~rement a l',levage a cause de son" systeme respiratoire double, de sa vigueur 
inca.parable, de la diversite de ses habitudes alimentaires et de sa tres grande facultl 
d'adaptatibn. L'accent est mis }ur l'etude de leur syst~me respiratoire et digestif, et sur leur 
t.,ortance piscicole. 11 apparalt nlcessaire de proceder a une selection des varietes locales pour 
ltre en mesure d'evaluer les poss1b111tes d'elevage des pofssons indigenes d'Afrique et d'Asie. 



INTRODUCTION 

The tropical catfish is an air breathing, 
non-scaled, omnivorous, potamdromous member of 
the family Clariidae. The Indian catfish 
(Ctariae batrachue Linnaeus), is found through­
out the Indian sub-continent, the Far East. and 
has recently been introduced into both Hawaii 
and continental U.S.A. The Asian catfish 
(Ctarias maarocephatus Gunther) is located in 
the far East. The major commercial members of 
the African catfish, the subject of this review, 
are Ctariae gariepinue Burche 11, CU:z:toias Zaaera 
Cuv1er and 11'!lenc1ennes, and CZariae moeeambicus 
Peters. They are thought by some, including the 
author, to be geographical variations of the 
same species. Jubb (1967) has synonymized c. 
gariepinue and c. moeeambicus.l These three 
species are distributed thr.oughout Africa from 
the Orange River in the south to the Nile delta 
tn the north (fig. 1). 

Fig. 1. 

•CLARIIOAE 

World distribution of the family 
Clariidae (after Hora 1937; Menon 1951; 
Ogilvie and Goodrick 1968). 

Although many authors have worked in the 
field of Clariidae taxonomy (Barnard 1943; 
Boulenger 1886, 1896, 1899, 1902, 1903, 1911; 
Deraniyagala 1958; Greenwood 1958, 1961; Gunther 
1867; Jackson 19?5, 1959; Jubb, 1964; Leriche 
1901; Mann 1971; Poll 1942, 1943; Vaillant 1897) 
a detailed synthesis is now needed in light of 
present knowledge. Table 1 gfves a brief resume 
on the commercially important Clariidae with 
their respective scientific and common local 
names. 

lThroughout this paper wherever CZa~as moesam­
bicus is discussed it will be referred to as 
CZarias ga1.>i.epinus. 

-1-

c. gariepinus can make up over 50% by weight 
of the commercial catch in some Cintral African 
fisheries (Harding 1960). More frequently, as 
in Lake Kariba, they make up less than 20% by 
weight of the catch (Anon. 1972, 1973, 1974; 
Harding 1964); even with this lower figure they 
must be considered one of the most important 
fish of African waters. Mwanza (1972) found 
CZarias sp. to be the only one of the three 
important commercial species to be unaffected by 
the 1968 drying out of Lake Chilwa in Malawi. 

The tropical catfish has for many years 
suffered an unjust stigma in Africa as a trash 
fish, and recently as a nuisance fish in the 
U.S.A. (Idyll 1969). Jubb (1953) stated that 
all fish in farm dams were useful except the 
'barbel' and furthermore that it was the only 
common fish that did not require a fish ladder 
to help populate new dams. More recent inquiry 
regarding this fish has sparked interest in its 
potential for aquaculture. Many authors (Brown 
1955; Coureur and Spaas 1956; Van der Waal 1970) 
as well as the United Nations Development Program 
(UNDP) (Micha, pers. comm.) have begun investi­
gations into various aspects of the biology of 
the tropical catfish, specifically for culture. 
Farming the Asian catfish 1n Thailand has 
developed over the last 15 yr into a large and 
growing industry (Sidthimunka 1972). The tropi­
cal catfish is very important in Africa and the 
Far East in both commercial catches and consumer 
preference. One consideration, important to the 
African situation, is that many tribes will not 
willingly eat the catfish because of taboos 
related to its scaleless body. Such feelings are 
also found amongst the Jewish population of 
Israel. 

One of the earliest and most inter.esting 
accounts of CZarias sp. was written by the Rev.· 
Boake in 1866. He reported that 1n the Mootoo 
Rajawelle swamp of [Sri Lanka] the vegetation . 
was a "continuous sod ••• finn enough to support 
the weight of natives ••• cutting (the) long 
grass ••. while on some of the firmer parts 
bullocks were to be seen grazing." Under this 
thick mat was 60 em of water kept very muddy with 
"the consistency of thick pea soup" by the 
"large numbers of Hoongas (Hetezoopneustes 
fossitisJ and Magooras rctarias teysmanni 
Bleeker)." The local people of Ceylon used the 
knowledge that the tropical catfish were air 
breathers in order to catch them (Boake 1866). 
The fishermen cut several holes about 1 m 
diameter in the "sod" (described above). This 
was done at night when the fish were more active, 
and the frequent breathing at the surface indi­
cated their presence. The next day the sod and 
peat in a large diameter ring around the hole 
were trampled into the swamp bottom, thus forming 
an enclosed ring of very muddy water with the 
fish trapped inside. The hole was then covered 
with long grass criss-crossed in such a way as 
to form a mesh-like net. When the fish began 
rising to breathe, it gave an advance warning by 
the air bubbles released before surfacing. The 
fishermen thus forwarned had little difficulty 
in catching th~ fish as it forced its head up 
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Table 1. A list of the major species of the Clariidae of commercial importance and their common 
names. 

Scientific name 

Cz.az.ias maozoooephaZ.us 
(Gunther) 

C"Laztias batmohus 
(Linnaeus) 

C"Laztias teysmanni 
(Blecker) 

ctanas Uuel'a 
(Cuvier) 

Cz.az.ias sensgal.ensis 
(Cuvier & Valenciennes) 

Cz.az.ias ngamtmSiB 
(Castelnau) 

CZaM.as theodoras 
(Weber) 

C"Laztias ganf!P'lnus 
(Burchell) 

Synonym 

c. maguzo 

Common name/location 

Pla Duk Qui/Thailand 
Pla Duk/Thailand 

Freshwater catfish/India 
Teysmann's spotted catfish/India 
Magur, Kagga, Ana meenu. Marpoo/Indfa 
Magura/Sri La~ka 
Pla Duk Dan/Thailand 
Pla D~~/Thailand 
Ca tre. Trey andeng/Cambodia 
Ca tre trang/Vietnam 
Alabbiyog, Kawatsf/Philippines 
Keli, lkan keli/Malaysia 
Leleh, lkan kalang, Pintet, Tjepi/Indonesfa 
Nga rheo/Kymer Republic 
Walking catfish/U.S.A. 

Magoora/Sri Lanka 

Ni-gerian mudfish/Nigeria . 
Kullune. Kulumni. Arungu, Tarwada/Nfgeria 
Mali/Uganda 
Nyai/Uganda 
Gannout/Sudan 
Hannut/Egypt 
Annut/lsrael 

Catfish/Ghana 

Ndombi/Zambfa, Rhodesia 
Blunt-toothed barbel/Zambia 
Blunt-toothed catfisha/Zambia 

Brown barbel, Snake barbel/Zambfa 
Mulonfi/Zambia 
Mulonge/Zambia 
Minga/Zambia, Rhodesia 

c. mossambicus BarbPr/Republic of South Africa 
(Peters) Barbel/R.S.A •• Rhodesia 

African catfish/Rhodesia 
Mpongo, Mulonge, Muta/Zambia, Tanzania 
Sharp-toothed barbel/§hodesia, Zambia 
Sharp-toothed catfish /Rhodesia. Zambia 
Maramba/Rhodesia 
Ndombi/Zambia, Rhodesia 
Mubando/Zambia, Rhodesia 
Black barbel, Zambezi barbel/Zambia 
Mlamba/Malawi 
Mali (Twang)/U9anda 
Nyaki (Kasonzi)/Uganda 
Mandev/Mozambique 
Slamue chilu/Mozambique, Rhodesta 
Gariep/R.S.A., Botswana 

1 Name now accepted as 'official' common name (Smith 1975). 

Llnguage 

Thaf 
Thai 

English 
Englfsh 

? 
? 

Thaf 
Thaf 

? 
Y1etna.se 

? 
Malayan 
Indonesian 

? 
English 

? 

English 
Hausa 

? 
? 
? 

Arabfc 
Arabic 

English 

? 
English 
English 

English 
? 
? 
? 

Afrikaans 
English 
English 

? 
English 
English 
Shona 

? 
? 

English 
? 
? 
? 

Shangan 
? 

Hottentot 



through the woven grass net. This method 
resulted in about 11 fish per hour being caught. 

The hardy nature of these fish, exploited 
by the people of [Sri Lanka] for so many years, 
is still a source of frequent reports. Tait 
(1967) found that in a mass fish kill in the 
Kafue River system of Zambia no catfish died, 
although Ti.Zapia spp., Hepsateus sp., Synodontis 
sp., and Sahilbe sp. all died of unknown causes. 

COMMERCIAL IMPORTANCE OF THE CLARIIDAE 

The Clariidae of Africa is one of the most 
important commercial families of freshwater 
fishes in traditional subs1stence and modern 
commercial fisheries2 (Tables 2 and 3). Many 
methods are used in fishing but the majority of 
catfish are landed by the many gillnet fisheries 
of African inland waters. Although Bowmaker 
(1973) found c. gariepinus not effectively 
~ht in gfllnets in a riverine estuary of Lake 
Karfba. Ratcliff (1972) found gillnets to be the 
major .eans of catching the catfish in Lake 
Malawi •. There would appear to be great variation 
1n the catchabilfty of C2arias spp. fn gfllnet~ 
in various locations. Other methods seem to 
have less variability; seine nets appear to be 
universally ineffective in catching catfish; 
this -.y be due to the diving behaviour of the 
Clarfidae. When cornered or disturbed, these 
fish dfve into the mud allowing the toe rope of 
the seine to slide upward over their bodies. 
Williams (1960) gives records for the same river 
for a gillnet fishery and a seine-net fishery, 
the latter catches ~ to ~ by weight of the 
fonner (Table 2). 

Longlfnes are widely used in Tanzania 
(Bafle,y 1966; Soulsby 1960} and other African 
countries; in some lakes they are nearly 100% 
selective for c~ spp. (Clay 1972, Mortimer 
1159) because few other indigenous fish take 
still btft. Such knowledge would be a useful 
~~~anagement tool to allow more complete cropping 
of this very productive fish. In small dams 
(as fn Table 3) where the Clariidae can make up 
over 30% of the production, this very selective 
form of fishing requiring a low capital invest­
ment would allow an economic harvest of at least 
one-third of the total production. This would 
be especially important where gillnets could not 
offer a large enough economic return. During 
the annual spawning migrations in the Barotse 
flood plains of Zambia~ traditional spear 
fishing is very widely used to harvest CLaPias 
spp. (Bell-Cross 1974}. Many of the very colour­
ful traditional fishing methods such as basket 
fishing, trap fishing, and weir fishing are all 
effective in catching CZarias spp. although not 
totally selective for them. 

2The purse-seine fishing of Lake Tanzania and 
Lake kariba are notable exceptions to this. 
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As well as being an important fish in 
tonnage landed, it is one of the most sought 
after fish in Africa. Balon (1972) lists c. 
gariepinus in the top four highly preferred fish 
of Lake Kariba, while Mann (1964} found CZarias 
sp. liked by the African consumers for taste and 
high fat content. Often the likes or more par­
ticularly the dislikes are regional in nature 
and related to taboos dealing with scaleless 
fish. 

The nutritive value of c. gariepinus has 
been investigated by Watanabe (1971). Water was 
found to be approximately 81% of the live weight, 
rising' in winter with a corresponding drop in 
oil level which is generally about 2%. Protein 
levels are about 16% with ash levels running at 
1%. Watanabe placed the loss after commercial 
gutting and removing the head at 44%, and after 
filleting at 66%. 

Figure 2 gives some indicati~n of the sea­
sonal nature of catfish catches in g11lnets. 

10 
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Fig. 2. Seasonal variation in the catch per 
unit effort of C~as gariepinus of 
the commercial gillnet fishery of Lake 
Mcllwaine (data averaged over a 13-yr 
period). The numbers at the end of 
each of the four curves are gillnet 
stretched-mesh measurements. 

Although the "seasons" do not necessarily coin­
cide in all lakes, a cyclical pattern is evident 
in most. In the Mwenda estuary of Lake Kariba 
the catch per unit effort (CPU) of CZarias sp. 
ranged throughout the year from 0.3-1.6 kg 
100 m-1 per night set (Bowmaker 1973}. Great 
variation also occurs in catfish catches from 
different lakes. In contrast to the low yield 
of the Mwenda estuary of Lake Kariba, Lake Mweru, 
Zambia, has yielded approx~mately 6.3 kg 100 m·l 
per night set (Bowmaker 1963), while the CPU in 
Lake Mc!lwaine, Rhodesia, has ranged from 2.5 to 



Table 2. Importance of the family Clariidae in Africa as percent of the catches of commercially valuable 
fishes (species of Clariidae as per species code and fishing method as per method code}. 

Percent catch 
Location Fishing method by weight by numbers Author 

Lake Tanzania, Tanzania L.F. 75 (C.sp).) Soulsby (1960) 
Malya Dam, Tanzania C.G.N.F. 3 (C.g. Bailey (1966) 
Lake Kitangiri, Tanzania L.F. & S.F. majord (C.g.) Lockley (1960} 
Lake Ruka, Tanzania C.G.N.F. (B) 10-50 (C.sp).) Mann (1964) 
Barotsea, Zambia C.G.N.F. 4.5 (C.g. Bell-Cross (1974) 

C.G.N.F. 4.5 (C.n.) 
W.F. 6.8 (C.n.) 
T.L majord ~e.g.~ E.G.N.F. 7 e.g. 2 (C.g.~ Duerre (1969) 
E.G.N.F. 8.5 (C.n. 4 (C.n. 
C.G.N.F. 4.5 (C.g.) 4.3 (C.g. 

Kafuea, Zambia 
C.G.N.F. 2.~ (C. n.) 2.2 (C.n.) 
C.G.N.F. major ~C. g.) Carey (1971) 
C.G.N.F. majord C. n.) 
C.G.N.F. 43 (C.spp.) MacLaren (1956) 
S.N.F. 6 (C.spp.) 

Kafue River, Zambia C.G.N.F. (1954-1958) 29-52 (C.~spp.) Williams (1960) I. 
.j:o 

S.N.F. (1954-1958) 7-24 (C.spp.) I 

S.N.F. 31 (C.spp.) 14 (C.spp.) Everett (1971) 
Lake Bangweulu, Zambia C.G.N.F. 60 (C.g.) Harding (1960) 

C.G.N.F. 7 . (C.m.) 
Lake Mweru-Wantipa, Zambia L. F. 90 (C.g.) Allen (1964) 

C.G.N.F. 7 (C. g.) 
C.G.N.F. <1 (C.g.) Allen (1965) 

Lundazi Dam, Zambia E.G.N.f.. (1954) 42 (C.g.) 25 (C.g.) Mortimer (1959) 
E.G.N.F. (1955) 50 (C. g.) 28 (C. g.) 
E.G.N.F. (1956~ 50 (C.g.~ 27 (C.g.) 
E.G.N.F. (1957 44 (C. g. 23 (C.g.) 
E.G.N.F. (1958) 20 (C.g.) 8 (C.g.) 

Lungwewungu River, Zambia C.G.N.F. 14 (C.g.) Bell-Cross (1974) 
North Kashiji River, Zambia C.G.N.F. 30 (C.g.) 
South Kashiji River, Zambia C.G.N.F. 4.6 (C.g.) 
Small stream, Zambia A. 14 (C.spp.) Mortimer (1965) 
Stream, Zambia W.F. 7 (C.sp).) Bell-Cross (1971) 
Zambezi River, Zambia C.G.N.F.(Below dam wall) 6 (C.g. Bowmaker (1960) 
Zambezi River, Rhodesia C.G.N.F.(before closure · 3-5 (C.g.) Harding (1964) 

of Kariba Dam wall) 
Hard' 19 ( 1964) Lake Kariba, ~hodesia C.G.N.F. 20 (C.g.) 

C.G.N.F. 18 (C.g.) Coke (1968) 
C.G.N.F. 16 (C.g.) Van der LinJen (1971) 
E.G.N.F. 5 (C.g.) Allen (1965 
C.G.N.F. (1971) 4.5 (C.g.) Anon. (1972 

' . . 



Table 2. (cont'd) 

Location 

(Mwenda Estuar,y, Lake Kariba) 
Mwenda River, Rhodesia 
Lake Mcllwafne, Rhodesia 

Lake Kyle, Rhodesia 

Lake Chilwac, Malawi 

Zambezi River, Mozambique 

Footnotes 

.. 

Percent catch 
Fishing method by weight by numbers 

C.G.N.F. p972~ 3.3 (C.g.J 
C.G.N.F. 1973 3.8 (C.g. 
P. 2 ~C.g.l E.G.N.F. 6.3 e.g. 5 (e.g.} 
P. 28 (C.g. 
C.G.N.F. 20-76 (C. g. 
E.G.N.F. 10 ~C.g.l E.G.N.F. 5.3 (e.g.} 1.6 e.g. 
S.N,F. 1.9 (C.g.) O.OS(C.g. 
A. 2.5 ~C.g.) 0.9 (C.g.) 
C.G.N.F. & P.S.F. (1965} 25 C.spp.} · 
C.G.N.F. & P.S.F. (1966} 40 (C.sp~.} 
C.G.N.F. (before closure 17 (C.g. 3.5 (C.g.) 

of Cabora Basa Dam} 

Author 

Anon. (1973} 
Anon. (1974) 
Balon (1973} 
80\tallaker (1973) 

Unpub 1f s hedb 
Van der Lingen (1962) 
Minshull (1975} 

Ratcliff (1972} 

Morais (1974) 

aFlood plain; bunpublfshecl data from Tiger Ba_y Fisheries (Pvt) LtO:. Norton, Rhodesia (13-yr range) 
average over 50%; cLake on a drying phase; cfNo figure given. 

Species Code 

C.g. - C~as gariepinus 
C.n. - CZarias ngamensis 
C.m. - CZarias meZZandi 
C.spp. - C~as spp. 

Fishing Method Codes 

C.G.N.F. 
E.G.N.F. 
(B) 
L.F. 
T .F. 
S.F. 
W.F. 
S.N.F. 
P.S.F. 
P. 
A. 

- Commercial gfllnet fishery 
- Experimenta1 gillnet fishery 
- Bottom set 
- Longline fishery 
- Trap fishery 
- Spear fishery 
- Weir fishery 
- Seine net fishery 
- Purse seine fishery 
- Poisoning 
- Angling 

I 
Ul 
I 
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Table 3. Importance of Clarias g~epinus in small dams of Rhodesia. (Data taken from publications 
and internal reports of Department of National Parks and Wildlife Management, Rhodesia.) 

% catch by • 
location Fishing method/date Weight Numbers Author 

Cleveland Dam, Experimental gfllnet fishing 
Salisbury /May 1962 24.1 7.8 Toots (1968) 

/November 1962 6.2 1.7 
/September 1967 27.7 14.5 
/January 1968 24.0 7.9 
Angling/1962-1966 8.4 4.0 

Sflalabuhwa Dam, Experf menta 1 gi 11 net fishing 
lnsiza, TTL /June 1970 3.3 2.0 Toots ( 19i"\l~ 

/March 1971 3.5 0.9 Toots (1971 
Nyambuia Dam, Experimental gillnet & seine 
Marandellas net fishing/April 1969 90.0 66.0 Toots (1969a) 

Nyakambi ra Dam, Experimental gillnet & seine 
Marandellas net fishing/April 1969 0.0 0.0 Toots (1969a) 

Gwenoro Dam, Experimental gillnet fishing 
Gwelo /May 1974 58.0 10.0 Toots (1974a) 

Ngamo Dam, Experimental gfllnet fishing 
Gwelo /April 1974 29.1 15.3 Toots (1974c) 

Impali Dam, ' Experimental gill net fishing 
Selukwe /May 1974 61.0 40.0 Toots (1974a) 

Whitewaters Dam, Experimental gillnet fisliing 
Lalapanzi /April 1974 27.4 10.2 Toots (1974c) 

N9ondoma Dam, Experimental gillnet fishing 
Ngondoma /April 1969 78.0 34.0 Toots (1969b) 

/April 1971 7.9 1.4 
/April 1974 19.1 6.3 

Pindi Park Dam, Experimental gillnet fishing 
Banket /September 1974 35.0 9.0 Toots (1974b) 

ChiRWemwe Dam, Experimental gillnet fishing 
Banket /1972 23.3 6.1 Toots (1972) 

Ngesi Dam, Experimental gillnet fishing 
Ngesi National Park /March 1962 9.0 3.0 Van der lingen 

/June 1962 8.0 4.5 (1962b) 
/October 1962 14.5 5.8 

Sebakwe Dam, Experimenta 1 gillnet fishing 
Sebakwe National Park /June 1962 6.0 4.8 Van der lfngen 

(1962c) 



7.8 kg 100 m·I 24 h-1 over a 13-yr period (unpub­
lished data from Tiger Bay Fisheries (Pvt) Ltd., 
Norton, Rhodesia). 

The selectivity of some fishing methods 
should be utilized as a management technique to 
permit "catfish fisheries" on the major lakes of 
southern and central Africa. This would allow a 
heavy fishing pressure to be placed on this fish 
while not placing as much pressure on the less 
plentiful species. Many new dams will be built, 
hopefully with fish ladders incorporated into 
them, and it would be valuable to place commer­
cial fisheries on these fish ladders during the 
floods to remove a percentage of all migrating 
fish. In the special case of CLarias spp. which 
are the only fish to move up the ladder at night 
(Bell-Cross 1960), special automatic traps har­
vesting all fish could be used during the hours 
of darkness. 

From routine observations of commercial 
fisheries in Zambia, Bell-Cross (1974) found the 
numbers of large catfish to be increasing. This 
has been attributed to the reduction in numbers 
of the crocodiles once so plentiful on large 
African rivers. Although these larger catfish 
are of interest to individual sports fishermen, 
they are unlikely to increase the production of'· 
these fish which already produce an estimated 
one-fifth (20.1%) of the fish protein of East 
and Central Africa. 

f_-fW'o..,.....~ 

ff -f-1-r-."'*"'~~ 
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ANATOMY 

Early writers (Angelopulo 1947) felt that 
the maximum size of the African catfish was 
dependent upon the locality in which it was 
caught. Although the size of the habitat can 
affect the maximum length, a more important factor 
appears to be the temperature regime of the 
environment. Personal observations by the author 
and data from several sources recorded by Bruton 
(1976) indicate that in Rhodesia and South 
Africa there is a definite trend to larger fish 
in more southern regions. The largest fish are 
found in the Orange and Vaal Rivers and the 
smallest "maximum" sized fish are fountt in Lake 
Kariba and the Zambezi River. 

The head of ctarias spp. is a massive, 
broad, dorso-ventrally flattened structure, 
heavily armoured by very thick skull bones. It 
is covered by a very thin layer of skin through 
which can be seen the many small glanular tuber­
cles (Fig. 3). The trunk stretches from the 
back edge of the skull to the uro-genital pores 
and is cylindrical. The caudal region makes up 
the rest of the body from the uro-genital pores 
to the tail. This section is elongate and 
laterally flattened. The variation in body 
shape is used by this adaptable fish. The dorso­
ventral flattening of the anterior region is 
useful in terrestrial locomotion and benthic 

--­a_,._ ••••• ..,.,. .. ., • '"'""' -• ,.,. • •,. •••••••* 

B 
Fig. 3. Skull and brain of Clariidae. A. Skull bones, dorsal view. B. Brain cavity with major 

nerves, dorsal view. C. Pituitary gland and brain, lateral view. abc. - air bladder 
capsule; at. - accoustic tubercle; cbl. - cerebellum; crb. - cerebrum; e. - eye; f ~ 
frontal bone; ff. - frontal fontanelle; in£. - infundibulum; mb. -maxillary barbel; 
n. - nasal bone; ob. - olfactory bulb; os. - olfactory sac; ot, - olfactory tract; p. -
pituitary gland; pf. -parietal fontanelle; so. - supra occipital bone; II- optic nerve. 
(Adapted from Angelopulo 1947; Lehri 1966). 



feeding, while the laterally flattened tail is 
well adapted for swimming. Another asset of 
the dorso-ventral flattening of the head region 
is the ability to evade seine nets as mentioned 
previously. 

The colour of ctarias spp. varies from a 
mottled beige to dark red-brown or olive green 
depending upon the environment. When moved from 
one environment to another different one, the 
fish's colour can change completely in only 
1G-15 min. Mills (1966) feels that the fish is 
mottled in bright light due to pigment concen­
trations in special cells, called chromatophores. 
Counter shading common to most fish is present 
with a dark upper surface and a white ventral 
surface. c. gariepinus of East Africa acquires 
a red tinge bordering its dorsal fin during the 
breeding season (Bailey 1966). Similar colouring 
was noted in spawning c. ~aera in Israel (Clay, 
in press). 

The entire Clariidae family is scaleless 
with a mucus coating nver a tough skin. All of 
these catfishes have sensory barbels located 
around their large terminal mouths. There are 
five pairs of barbels, the largest are a con­
tinuation of the corners of the mouth and are , 
called maxillary barbels. The inner and outer 
mandibular barbels are located on the lower jaw, 
while the nasal barbels are located on the upper 
jaw. All barbels are proportionately longer in 
the very young fish. The young fish have been 
observed in Lake Kariba to hang suspended by the 
surface tension of their long barbels; in this 
upright position they filter water and zooplank­
ton through their gill rakers in order to feed 
(Junor, pers. comm.). The barbels have been 
reported to be richly supplied with taste buds 
(Das 1927) ar•d are innervated by the Vth nerve 
(Angelopulo 1947). More recently Rajbanshi 
(1966) has found through histological studies 
that all of the barbels on c. batztachus are 
similar in makeup. Taste buds. are present but 
no tactile organs are to be found in the epider­
mal region. An hypothesis for this is drawn up 
on the basis that CUzrias spp. are bottom 
feeders while other catfishes such as WaZZago 
attu which have large numbers of tactile organs 
are mid-water feeders. 

There are two small openings located on the 
snout. These nasal pores are external sensing 
devices - the posterior opening is a slit 
located behind the nasal barbel while the 
anterior one is slightly raised. The lateral 
line, another external sensory receptor, extends 
the entire length of the trunk and caudal regions 
and is connected to the exterior by a series of 
raised pores (Mills 1966). Although not visible 
on the skull of a living fish, the courses of 
the branches of the lateral line are indicated 
by grooves in the bones of the skull (Angelopulo 
1947). 

The eyes are located on each side of the 
massive skull near the anterior end. They are 
very susceptible to damage by gillnets even 
though they are protected by a thick membrane 
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(Mills 1966). Posterior to the eyes and cen­
trally located in the skull is the frontal fon­
tanelle and further back is the smaller parietal 
fontanelle. The latter is often pierced by 
fishermen to kill these fish. 

The teeth are located in bands in the mouth 
and throat. The premaxillary band is in a 
crescent shape and was frequently used for taxo­
nomic identification. Jubb (1967) has recently 
synonymized c. gariepinus and c. mossambicus as 
the only reason for their previous separation 
into two species was on the basis of their teeth 
patterns. Plates 1 and 2 show the upper jaws of 
two c. gariepinus from Hartbeespoort Dam in the 
Repub 1 i c of South Africa that would ht ··e pre­
viously been separated into two species. The 
vomerine pads located fn the throat cavi~ 
appear to serve a swallowing function. The 
author has observed that when these pads are 
stimulated with a blunt object the throat con­
vulses in a swallowing reflex. 

In cZarias spp. the unpaired dorsal and 
ventral fins are well developed and do not join 
the caudal fin which forms a separate rounded 
homocercal tail. All the fins are supported by 
soft dermal fin rays (lepidotrichia). As well 
as these soft rays each of the pectoral fins is 
supported by a hard calcareous spine. This 
serrated spine is used for both terrestrial loco­
motion and defence (Nawar 1954). They can 
inflict serious wounds which are often infected 
by the ever present mucus secretions of the cat­
fishes; this has given rise to the belief that 
these spines are poisonous. Das (1927) reported 
c. batraahus using these spines for fighting. 
When overcrowded in small containers, the fish 
will fight until the weakest die. The author 
has observed that they often appear to lie side 
by side and by making sudden whip-like motions 
they endeavour to drive their spines into each 
other. These spines make a formidable weapon by 
their locking mechanism - a slight forward clock­
wise twist locks the spine (Nawar 1954). 

The spinal column of c. gariepinus is made 
up of two sets of vertebrae totalling between 
60 and 73 (Angelopulo 1947) ~thile c. ~aera has 
between 65 and 67 vertebrae (Nawar 1954). This 
is another indication of the close relationship 
of these separate species. The first five of 
these vertebrae are called the "complex verte­
brae" (Mills 1966) and have been modified to 
form the Weberian ossicles which are fused to 
the skull and enclose a lobed air sac. This may 
be a special adaptation to provide better mus­
cular attachment and flotation for the relatively 
large head. The first five (or less) unattached 
vertebrae have single thick spines. It is from 
these vertebrae (usually the first three) that 
the bones for ageing the catfish are chosen 
(Appelgate 1950; Balon 1974; El Bolock 1972). 
After these come a short series of vertebrae 
with double spines; the majority of vertebrae 
follow with single slender spines. The caudal 
and trunk vertebrae are similar except for the 
haemal canal containing the caudal vein and 
artery. The termina 1 vertebrae are connected to 



the haemal spines as a series of hypurals forming 
the base of the homocercal tail (Angelopulo 
1947). There are 13 pairs of pleural ribs. 
These •floating ribs" are attached to the 
anterior surface of the ventro-lateral process 
of the vertebrae. From a consumer's point of 
view, Clariidae with their relatively small 
number of bones are desirable fish when compared 
to the Cyprinidae family which have large num­
bers of very fine bones throughout the body. 

The sex of c~ spp. can be observed 
externally on most fish over 17 em in length and 
internally on most fish over 13 em. Males and 
females can be separated on the basis of the 
external genitalia. The males have a sharply 
pointed genital papilla into which the ureter 
and genital ducts empty. In the female the 
genital opening is little more than a mole-like 
growth. In both sexes the uro-genital pores are 
located behind the anus. 

The ovaries in CLarias spp. are paired, 
elongated, sac-like structures lying in the body 
cavity. They are usually equal in size but 
occasionally one is larger than the other and 
rarely one is absent. The caudal end of the 
ovary fs attached to the genital papilla through 
a common oviduct. As maturity progresses the 
ovary changes colour from creamy white to 
greenish or reddish-brown. The .testes are also 
paired, elongated structures but they are more 
flattened and ribbon-like. When immature, the 
testes are smooth edged but at maturity the 
edges become serrated. The size of the testes 
is generally equal but, as with the ovaries, 
they can vary. The colour at maturity is 
usually creamy white. 

The pituitary gland (Fig. 3) is a white 
ovoid structure located immediately posterior to 
the prosencephalon on the floor of the brain 
cavity (Angelopulo 1947). It is easily removed 
and de~drated in acetone and can be used for 
induced breeding (Van der Waal 1974). 

There are two peculiarities in the African 
catfish: both the liver and kidney have lateral 
lobes embedded in the body musculature (Nawar 
1955). The liver lobes are embedded behind the 
pectoral girdle, while the kidney lobes are 
located behind those of the liver (Plates 3 and 
4). 

The·major nerves of C~ias spp. are large 
and easily traced. This factor along with the 
-nde distribution and extreme hardiness make 
c~s spp. an ideal fish for classroom study 
(Bowmaker, pers. comm.; Mills 1966). Supplying 
African secondary schools with indigenous fish 
for dissection would be a large industry in 
itself. This would certainly bear investigation 
rather than importing exotic fish into Africa 
and Asia where foreign exchange is always at a 
premium. 
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RESPIRATION 

These catfish are one of the most widely 
distributed fish in Africa, often being .most 
plentiful in environments inhospitable to other 
fishes. One of the greatest assets for c~ 
spp. in regard to its adaptability is its modi­
fied respiratory system. The tropical catfish's 
ability to utilize atmospheric oxygen allows it 
to live in shallow tropical pools in which few 
other freshwater fish can survive due to the low 
dissolved oxygen levels resulting from decom­
posing, organic matter and the high temperature 
regime. Most fish that are adapted to aerial 
respiration live in such environments (Saxena 
1963). Clarias spp. falls into Hora's (1935) 
second category for air breathing fishes, i.e. 
those fishes from pools, marshes, and side 
streams. 

The accessory breathing organs of c. 
batraahus are made up of the following four 
parts: (1) supra-branchial chamber, (2) the fans 
or gill plates, (3) the dendritic organ, and 
(4) the respiratory membrane (Munshi 1961). 
Recently it has been proven through electron 
microscopy that the respiratory Qrgans of c. 
batraam~ are modified gill structures (Hughes 
and Munshi 1973). The respiratory organs of the 
Clariidae are located in two chambers in the 
posterior part of the skull under the thick 
dermal parietal bones. Each chamber or arboe­
scent organ consists of two dendritic tree-like 
growths that arise from the upper ends of the 
2nd and 4th gill arches. 

The respiratory chambers are walled by 
"gill-fans", structures that are histologically 
similar to gill fil~ents (Greenwood 1961) and 
which act as valves which control the retention 
or expulsion of air (Bowmaker, pers. comm.). 

The two respiratory trees develop from the 
epibranchials of the gill arches. The posterior 
tree is always larger and more fully developed 
than the anterior. These arborescent organs 
develop late in the postlarval stage (Greenwood 
1956). The first knob or tree develops about 3 
em while the anterior tree (from the second gill 
arch) develops somewhat later, possibly about 
the 5-cm stage (Greenwood 1961). This is very 
suitable as Clarias spp. take about 4-6 wk to 
grow to 5 em. As the nursery habitat is still 
well oxygenated at this time, the fry are able 
to temporarily breathe through their gills. 

A Clarias spp. releases several large 
bubbles through its opercular openings when 
rising to the surface to breathe. It then opens 
its mouth above the surface, closes it, and 
dives steeply. The angle of the dive forces the 
air to the back of the buccal cavity where ft 
rises and fills the two respiratory chambers. 



Donnelly (1973) suggested that the barbels are 
used as trigger mechanisms for stimulating the 
release of air; this is done by sensing the 
surface tension of the water as the fish rises. 

Early workers thought that CL%rias spp. 
would drown if kept from the surface (Boake 
1866; Day 1868; Dobson 1874). It has now been 
proven that c. bat.rachus does not drown if pre­
vented from reaching the surface as fong as it 
is kept in well oxygenated water with the carbon 
dioxide continuously removed (Abdel Magid 1970; 
Hora 1935; Jordon 1976). Oxygen uptake by 
haemoglobin of the catfish is very good and it 
is remarkably insensitive to high carbon dioxide 
levels (Fish 1956). This latter point is very 
important in aerial respiration as the carbon 
dioxide levels would tend to build up in the 
intervals between aerial breathing. At oxygen 
levels below 1 ppm in the water all aquatic res­
piration stops completely as the oxygen would 
tend to diffuse from the blood through the gills 
to the outside environment (Saxena 1963). 
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The rate of oper~ular movements increases 
until just before surfacing. and is lowest 
immediately after (Abdel Magid 1970). Low 
oxygen tensions increase the aquatic respiration 
rate; at very low oxygen levels (>1 ppm) oper- ' 
cular movements cease. c. bat.rachus at tempera­
tures around 30°C come to the surface as 
frequently as half-minute intervals; this is due 
to the very low dissolved oxygen (D.O.} levels 
at high temperatures (Das 1927). 

This ability to change from aquatic res­
piration to aerial respiration makes the family 
Clariidae ideal for culture. In tropical warm 
water pond culture one of the greatest assets, 
high planktcn production. is also one of the 
greatest drawbacks. The high phytoplankton pro­
duction leads to excessive diurnal fluctuations 
·in D.O. levels, often resulting in anoxic con­
ditions by dawn. Clarias spp •. are able to with-_ 
stand this condition with no adverse effects. 
Even more difficult to use for fish culture are 
oxidation ponds; the high biological oxygen 
demand (B.O.D.) in these ponds often means that 
even though there is a very high level of pro­
ductivity. it is almost impossible for ordinary 
fish to survive. Further advantage of aerial 
respiration for the culturist is in the marketing 
of live fish (Hera 1934). Because Clarias spp. 
can survive for as long as 18 h in a basket with 
wet gras~. the marketing problems. especially in 
the tropics, are reduced considerably. 

Several theories have been put forward for 
the evolution of the air-breathing fishes. Most 
of these are only further adaptations of an 
early theory put forward by Carter and Beadle 
(1931) and later modified by Hera (1935). This 
theory states that lack of oxygen in shallow 
tropical waters must have been responsible for 
evolution of the air breathing habit in these 
fishes. Carter {1931) also pointed out that the 
high carbon dioxide levels were a very important 
factor in this evclution. According to Hera 

(1935) the dendrite tree of the Clariidae was 
originally developed to increase the surface of 
the respiratory epithelium. 

Although several adaptations have been 
added to the respiratory system of the C4ariidae, 
several items have also degenerated. The afr 
bladder of CZarias spp. is present in small fish 
and becomes relatively smaller as the fish grows. 
It is eventually enclosed in a boney capsule 
projecting laterally from the back of the skull, 
just posterior to the junction of the fused and 
free vertebrae (Das 1927) .. The genus XenocZaztias 
is one group of the Clariidae that has readapted 
to lacustrine conditions. The aerial respira­
tory organs have degenerated in these fish until 
they no longer surface and. 1n Lake V1ctor1a. 
live permanently at depths of over 40 m (Gee 
1g69). 

HABITAT AND DISTRIBUTION 

Members of the Clarifdae are found distri­
buted throu~hout Africa from the Umtamvuma River 
(Crass 1966) and the Orange River in the south, 
to the Nile in the north; through the Near East, 
especially Syria, and into India and the Far 
East. (Hera 1937). They are now also found in 
Hawaii and in southern Florida in the continental 
u.s.A. Figure 1 shciws the world distribution of 
Clariidae. 

The major habitat for Clarias spp. is warm 
shallow tropical pools, although several species 
have readapted to deep lacustrine conditions 
(viz. XenocZarias spp.). In Lake Kariba the cat­
fish was found to be more common at 2 m depth 
than at 5 m, and more c0111110n at 5 m than at 10 m 
(Mitchell, pers. comm.). The catfish is one of 
the most widely distributed fish in Africa. The 
major limiting factors to distribution are low 
temperatures (Pardue 1970) and salinity (Clay, 
in press). They have been fo~nd above and below 
waterfalls (Bell-Cross 1968), in pans or pools 
that were previously dry and have no inlet (Das 
1927), and in drying river pools with only mud 
as a medium of support (Donnelly 1973). 

Although a minimum temperature of less than 
l0°C is generally fatal to c. batrachus (Pardue 
1970), a diurnal range of between 13.5 and 
27.5°C (Donnelly 1973) does not seem to have any 
adverse effects. This tolerance of a wide 
diurnal range of temperatures is another strong 
asset for fish culture operations where the 
shallow ponds often can exhibit great daily 
fluctuations in temperature. 

Salinity trials on c. ~zera indicate that 
the fish cannot survive salinities over 15 ppt 
and, as such, estuaries of more than 50% sea­
water would provide an effective barrier to dis­
tribution (Clay, in press). 



Their aerial respiration and ability to 
move over land are major adaptations allowing 
such wide distribution. In India, when pools 
are diJappearing in the dry season, c. batrachus 
bury themselves in the moist mud below the sur­
face (Das 1927). This gave "rise to the super­
stition [then) current amongst the peasantry 
that they have been rained from the clouds .•• as 
they appear in 9reat numbers after the monsoons" 
begin (Das 1927). Whether these fish truly 
aestivate must still be proven; Donnelly (1973) 
observed c. gariepinua in drying pools in 
Africa and found that, even when only a thick 
liquid mud remains, the fish .were still actively 
breathing. In this case predators reduced the 
numbers of CL~ spp. as the pool dried up; 
the .ajor predators besides man fn Africa are 
crocodiles (Hipple 1946), the fish ea9le 
(Donnelly 1973; Jubb 1952; Junor 1967) and 
.arabou storks (Donnelly 1973). 
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An unusual adaptation to habitat desiccation 
in the African catfish was observed in Natal, 
R.S.A. Clements (19i4) observed several 
C1aPiaB spp. in a small river pool to cross a 
short sa!'d bar and jump into a "den". The den 
had an opening about 15 em in diameter and con­
tained water below ground level. This retreat' 
to a den utilizing ground water is one method of 
survival when the surface water dries up. 
Unlike c. batrachus described earlier; c. 
gariBpinus and its near relative the vundu 
(HeterobPanchus LongifiLiaJ are only partially 
adapted to habitat desiccation. When conditions 
become too severe, these fish often try to leave 
the local environment, usually by means of 
terrestrial locomotion. 

Much work has been done on movement of 
Clar1idae over land (Boulenger 1907; Das 1927; 
Johnels 1957; Welman 1948). The spines are kept 
rigid during "walking" by a T-joint that locks 
into position (Nawar 1954, 1955). Johnels 
(1957) filmed this locomotion as a rolling move­
ment using the spines alternately as levers to 
heave the body from the ground (Fig. 4 shows a 
sample of this motion). Sandon (1950) records 
c. Zaaera as moving over 200 m from a swamp to 
a river in the Sudan. Although terrestrial loco­
motion has been observed and filmed, the author 
has observed that it cannot successfully take 
place over dry ground and Bell-Cross (pers. 
comm.) noted that it generally involves a down­
hill slithering type of walk. 

REPRODUCTION 

The reproductive biology of a fish being 
considered for culture is perhaps the second 
most important factor after the study of feeding 
and growth. Many researchers have studied the 
reproduction of the Asian catfish (Khan 1972; 
Sidthimunka et al. 1966; Sidthimunka and·Ekuru 
1959; Wanichakorn 1962) and the African catfish 
(Carey and Bell-Cross 1967; Corbet 1960; Holl 
1966; Nawar and Yoakim 1962; Van der Lingen 

1965; Van der Waal 1974). The Asian catfish 
(C. batrachus) appears to be similar in breeding 
habits to the American catfish (IctaLurua 
punctatus) by breeding in dens, while the 
African catfish (C. gariepinus) more cl~sely 
resembles the cultured carp (Gyprinua.oarpio) 
and breeds on flooded vegetation. Neither method 
poses any serious problems to culturists that 
cannot be solved by some basic research. 

The African catfish was first investigated 
in East Africa by Greenwood (1955). He followed 
a spawning run fn a flooded low lying area 
adjaceht to a stream. During the time of this 
spawning run, he artificially fertilized some 
ova and found that they hatched within 23-25 h 
at 24°C. In later studies Greenwood (1957) 
found the ova hatched in nature between 36 and 
42 h after fertilization. Holl (1968) found c. 
gariepinua in Central Africa had similar breeding 
habits and the same size ova (1.5-2.0 mrn 
diameter) as the previously described c. 
gariepinua, and that it required 40-48 h at a 
temperature of 20-24•C for hatching to occur. 

A 
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Fig. 4. The muscular contraction of the 
Clariidae in swilllllling (A) and terres­
trial (B) locomotion (white shading 
indic~tes muscular contraction). 
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The larvae ran9ed in size from 3.5-4.0 mm 
and both Holl (1968) and Greenwood (1955) report 
the larvae swim actively and have a ventral 
sucker for resting on the substrate. Pham (1975) 
found the larvae of c. tazera when cultured must 
be aerated for at least the first 12 days. 
Bowmaker (1973). in his description of the 
development of a Clariid (thought to be Hetero­
branchus Zongi[iZis). records they were almost 
continuously quiescent. resting on the bottom. 
These larvae were larger than Ctarias spp. 
(5.3 mm at hatching + 8 h), although the fry 
were approximately the same size in later 
development. All the above workers indicate the 
extreme rapidity of development in the first 
50 h. This .·ay be an adaptive feature to com­
pensate for the short-lived nature of the 
flooded nursery grounds. Greenwood (1955) 
found the young fry could withstand diurnal 
temperature variations of 22-34°C. The yolk sac 
is completely resorbed 6-8 days after hatching 
when the fry begin feeding on zooplankton and 
insect larvae. Pham (1975) found the larvae 
reached 15-30 mm in 15 days in culture condi­
tions when feeding on zooplankton. 

The breeding behaviour of c. garie~inus was 
studied in aquaria by Van de Waal (1974). The , 
spawning was found to occur at intervals, each 
emission of ova being made up of a small cloud 
of eg~s followed by some gas bubbles. Van der 
Waal (1974) observed that "while swimming 
actively together, the male ••• folds himself 
around [the female's] head and body for a period 
of from 15-30 sec. During the last few seconds, 
the male's body presses hard laterally on the 
female's head. shivering continuously. At this 
stage the female's body also starts to con­
tract ••• [and] in a sudden movement the female 
bends her body sideways, often pushing her face 
into the substrate while the male moves back­
wards ••. still folded around the female's body 
and still shivering. Immediately a small cloud 
of ova is ejected •••. " The eggs were widely 
distributed over the substrate by the vigorous 
flicking of the female's tail. A large adhesive 
disc attaches the eggs to the substrate within 
about 60 sec. In a natural situation this 
adhesive nature permits wide distribution and 
thus adequate oxygenation of the ova. Similar 
behaviour was observed in the field with c. 
tazera in Israel (Clay. in press). 

Unfortunately the adhesive nature of the 
eggs makes artificial fertilization of large 
numbers difficult as they tend to clump together 
and high mortalities result. Work needs to be 
carried out on artificial stripping. fertili­
zation. and hatching of the African catfish to 
facilitate the production of the millions of fry 
required for culture. Clay (in press) has tried 
using the method described for carp ova (also 
sticky by nature) and found it successful in 
preventing clumping of ova. 

Under natural conditions a serious problem 
of fry mortality among the African catfishes 
has been found. It is generally attributed to 

cannabalism. both parents and lar~er fry 
preying upon fry. This cannabalism has been a 
factor leading to Micha's (1975) failure to 
achieve survival of fry in densities over 1450 
individuals per ha. After hatching. the fry 
of c. batraahus have also been found to be 
cannaba11st1c. so intensive feeding and frequent 
grading are required to prevent mass mortalities 
in culture conditions. 

The ova of c. ma~aephaZus are slightly 
smaller in size (1.3-1.6 mm) (Sidthimunka 1972) 
than the ova of the African catfish although 
Khan (1972) found c. batraahus ova in India 
averaged 1.8 mm in diameter, with the fry 
hatching out at 5.8 mm. c. batrachus of Thailand 
spawn in deep water. preparing a horizontal hole 
or den in the bank about 20 em in diameter and 
25 em deep. The eggs are deposited and stick to 
the vegetation and soil surface. and hatch in 
less than 20 hours at 25-37°C. c. maa.rocephaZus 
spawn in water less than 30 em deep (Tongsanga 
et al. 1963) and build their 'redd' or nest about 
30 em in diameter and 5-8 em deep on the grassy 
bottom. After the eggs are deposited and stick 
to the substrate the male then guards the nest 
while the female remains close by. 

Most authors indicate that, although the 
breeding season for both the African and Asian 
catfish may vary as to the month of occurrence. 
it nearly always coincides with the onset of the 
rainy season (Bowmaker 1973; Greenwood 1957; 
Holl 1968; Sidthimunka 1972). The author 
observed that c. taaera in Israel spawn at the 
end of the rainy winter season as the weather 
warms but before the winter flood waters recede. 
This latter observation may indicate that 
temperature is the major stimulus dependent upon 
sufficient water. All researchers have empha­
sized the short duration of their observed 
respective spawning runs. Bowmaker (1973) 
describes c. gariepinus from Lake Karfba as 
going up the rapids in "gay abandon" with no 
concern of damage. 

Bowmaker (1973) had the unique opportunity 
of observing (through the clear water beneath a 
Salvinia·mat fn the Mwenda estuary of Lake 
Kariba) that c. gariepinus gathered before the 
floods and lay quietly on the bottom fn 1-2 m of 
water. The suddenness and short duration of the 
run reported in Lake Victoria (Greenwood 1956) 
indicate this may also be the case there. 

Seasonal maturity in summer rainfall areas 
follows a definite pattern as shown in Fig. 5. 
Until immediately before the rains few fish are 
truly "ripe" - yet within 12 h of a heavy rain 
most fish are "running ripe" (Bowmaker 1973). 
Both Greenwood (1957) and Holl (1968) have 
remarked on the "one shot" nature of the spawning 
run; Bowmaker (1973) found the ova diameter of 
c. gariepinus had a unimodal distribution, this 
being indicative of a single spawner. More 
recently it has been found that there is a 
second peak in the ova distribution at about 
300 microns - too small to find by conventional 
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washing and hardening techniques (Clay, in press). 
This latter find indicates that the 'one shot' 
nature of the spawning may be more attributable 
to environmental conditions than the reproduc­
tive biology of the tropical catfish. Idyll 
(1969) has remarked that c. batrachus spawns 
through much of the year in Florida. This may 
be because seasonal rains do not have quite the 
same regularity there that is. found in parts of 
Asia and Africa. 

The size at which a catfish reaches maturity 
seems to varv with location. Pham (1975) found 
cultured fish ready to breed at 8 mo of age. 
Table 4 gives some examples of lengths at first 
maturity and fecundity of ripe females. Bowmaker 
(1973) has called Ctarias spp. an 'average fecund 
fish' and Greenwood (1955) has mentioned the high 
.ortality tn shallow flood plains for catfish 
fry. These two factors make it hard to under­
stand how CtaPiae spp. can often make up over 
50% by weight of the commercial catch throughout 
East and Central Africa. One possible explana­
tion for this, aside from the ruggedness and 
large size of the Clariidae, is the possibility 
of multiple spawning. Pham (1975) found that 
artificially induced spawning could be repeated 
in 3 or 4 mo. 

Greenwood (1957) found small fry in the 
lake long after the single spawning run and 
postulated that this meant either spawning was 
not confined to the streams and rivers during 
the floods and occurs in the lake as well, or 
the growth rate was low in the lake, in the 
order of 5 mm per month. Although the latter 
interpretation was favoured, this is difficult 
to accept in view of recent work on growth 
rates. Corbet (1960) has mentioned that young 

c. gariepinus (3-14 em) were found along rocky 
wave-~1ashed shores of Lake Victoria. This is in 
an environment with similar vigorous water move­
ments to the temporary streams where spawning 
(normally) takes place. In Lake Kariba .. Bowmaker 
(1973) found ripe fish away from the rivers at 
the time of breeding. From Matthes' (1960) 
statement that c. gariepinus of Lake Tanzania 
breed in the bordering swamps and marshes, it is 
not a far (evolutionary) step for the catfish to 
begin breeding on vegetated flooded shores of 
man-made reservoirs. It can thus be assumed 
that African catfish may in some lakes be made 
up of two separate breeding populations, those 
invading flooded streams and pans and those 
breedinq on newly flooded shore lines or even 
rocky wave-washed coasts, another indication of 
the adaptability of this fish. 

For culture purposes, leaving c~s spp. 
to breed on their own in special breeding ponds 
is an expensive and often risky business, as 
breeding may not occur. Present-day moves for 
nearly all fish culture operations are towards 
induced breeding by chemical injection. This 
usually involves the inj~ction of a pituitary 
extract or some substitute into an already ripe 
fish (see Table 5). Khan (1972) has found 
mashing testes and stripping ripe eggs into the 
sperm suspension was very successful. Problems 
did occur though, in that the eggs were non­
floating and sticky by nature and clumping 
resulted. Khosa and Chandrasekhar (1972) found 
that a weekly intramuscular injection of 12.5 
micrograms of copper acetate in~ ml of 0.75% 
saline for 3 mo caused formation of many 
enlarged yolky eggs when compared to control 
fish. More experimental work will determine 
optimum chemical levels to stimulate such 
maturation and optimum hormonal levels to allow 
artificial stripping. This should provide the 
information which will result in the production 
of a continuous supply of fry. This is more 
desirable than a sudden natural production 
during the norma 1 breed·i ng season. 

In male fish with the gonads surgically 
removed, regeneration of the testes was found to 
occur and a large change in the histological 
structure of the pituitary was noted with little 
or no change in the thyroid (Lehri 1966). This 
leaves little doubt that the pituitary is of 
major importance in maturation and spawning of 
the tropical catfish. The location of the pitui­
tary gland is shown in Fig. 3. It is located on 
the ventral side of the brain attached to the 
infundibulum and can be found by removing the 
upper skull plates (supraoccipital) and exposing 
the brain. If tweezers are used to break the 
notocord, the brain can be lifted up and forward 
from the posterior end and the small creamy 
coloured ovoid body of the pituitary gland will 
oe found beneath. 

lehri (1967, 1968) di~ided both the male 
and·female sexual cycles into five phases: a) 
resting phase (3 mo), b) early maturing phase 
(4 mo), c) advanced maturing phase (2 mo). d) 



Table 4. Table showing the length at earliest maturity and fecundity of the Clarfidae. 
--

Species Location Sex 
Len{th at 

matur ty (em) Length/Fecundity Author 
-

c. gariepinus Lake Victoria, 
Uganda 

Female 50-75/ 32-48,000 Greenwood (1957) 

c. gal'iepinus Lake Tanzania Female I ± 4,000 Matthes (1960) 
C. gariepinus Katanga (Zaire) Female 60-70/ 30-40,000 Coureur & Spaas (1956) 
C. gal'iepinus Lake Kariba, Male 53 B«**naker (1973) 

Rhodesia Female 44 I 1,450/cm 
c. gariepinus Mazoe Dam, Male 43 Van der Lingen (1965) 

Rhodesia Female 38 

c. gal'iepinus Lake Mcllwaine, Male 45 Munro (1965) 
Rhodesia Female 39 45-60/ 20-70,000 

C. gal'iepinus Lake Mcllwaine, Male 25 Clay (in press) 
Rhodesia Female 28 30-70/ 4-72,000 

C. gal'iepinus Oliphants River, Male 40 
~ 

Van der Waal (1970) 
R.S.A. Female 40 I .... 

~ a C. Zazera Bangui, C.A.R. Male 7-10 moa Micha (1975) I 

Female 7-10 mo 
C. Zazera Bouake, Male 8 moa Pham (1975-) 

Ivory Coast Fel)lale .a moa 

C. Zazera Lakes Edko & Female 35 ave/ 38,000 Nawar & Yoakim (1962) 
Mataria, Egypt 

C. senegaZensis Lake Nuguna, Ghana Male 32 Thomas (1966) 
Female 32 

c. batrachus [Bangeladesh] Female 32 ave/ 11,612 Mookerjee & Mazumdar (1950) 
C. macrocephalus Thailand Male 22 Tongsanga et al. (1963) 

Female 22 

aNQ size was given, fish were held iri fish ponds. 

' . 
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Table 5. Dosase quantities of various chemicals and hormones to stimulate spawning in'ripe 
Clar11dae. 

Reaction time 
Species Injection Quantity/Dose (hours) Author 

c. batraahus Pituitary extract 0.5 ml I 1 gland 8-10 Khan (1972) 

c. mr::rcroct~phalus Pituitary extract 1 ml I 2.6 mg gland 14-16 Tongsanga et al. (1963) 
1 ml I 3.9 mg gland 14-16 

c. Zaaera Desoxycorticosterone 5 mg Doca/ 100 g fish 12 Micha (pers. conm.) 

c. Zaaera Desoxycorticosterone 5 mg Doca Pham (1975) 
c. gazoi.epinuo Pituitary extract 1 ml I 1 gland 15 Van der Waal (1974) 

functional maturity phase (2~ mo), e) spent 
phase (~ mo). From this work it is possible to 
estimate the stage of sexual development of a 
population by back counting the months to the 
next rainy season or from the last spawning 
season. 

The initial groundwork by fish culturists' 
for controlled breeding has been completed. 
What is now needed is practical, applied work 
in the field of induced and controlled matura­
tion. In effect, a systematic breeding program, 
with a series of local variety trials, is the 
only major requirement to solve many of the 
problems of fry porduction for catfish culture. 

FEEDING AND DIGESTION 

c~s gariepinus has been described as an 
omnivorous scavenger by Jubb (1967). The term 
"011nivorous" in this case does not make it clear 
whether plant matetial makes up any significant 
proportion of the dietary items. The feeding 
habits of Clarias spp. have been studied in many 
differing habitats, _giving varying results (see 
Table 6). 

Angelopulo (1947) suggested that the short 
gut of c. gariepinus indicated a carnivorous 
natural history. Thomas (1966) felt that c. 
senegalensis must be carnivorous as there were 
no pyloric caeca in which cellulose digesting 
microorganisms could live. From a fish culture 
point of view, the most important query is not 
whether CZarias spp. can digest cellulose but 
whether they can use plant proteins. Poll 
(1964) found Clarias sp. do ingest plant 
material, and Cockson and Bourne (1972) listed 
plant material in the diets of Lake Chilwa c. 
gariepinus. Munro (1965) found that in certain 
locations c. gariepinus in Lake Mcllwaine feed 
on large amounts of plant material. Many 
authors accept at ·the outset of their study that 
ctarias spp. are indiscriminant feeders and the 
presence of large quantities of non-animal 
material, which is of little food value to a 

carnivorous species, must be regarded as inci­
dental (Groenwald 1964). It is on this basic 
point (the ability of Clarias spp. to utilize 
plant material) that the entire potential for 
future culture of the Clariidae rests. 

In Thailand, due to high popular demand and 
large quantities of relatively cheap low quality 
marine trash fish, CZarias spp. culture has 
become an inportant industry in the last 20 yr. 
Even in this case, it will be necessary to 
utilize other fish feeds when technology finds 
alternative uses for this previously cheap 
animal protein feed. In Bangladesh it was found 
that over a 6-mo period c. batraahus lost weight 
when fed a total plant diet (Mookerjee and 
Mazumdar 1950). Preliminary experiments on 
plant diets have been carried out in Egyptian 
fish ponds (I man et a 1. 1970). Unfortunately 
confusion over wet weight-dry weight conversions 
makes the data inconclusive, but this work does 
indicate c. Zaaera can survive and grow on a 
diet composed of plant materials and whatever 
natural food is available in the ponds. 

Generally speaking, surveys show a change 
in diet with size of fish. A suitable diet must 
maintain the health of the fish, allow flesh 
production, and in a fish culture situation 
allow a profit with or without supplemental 
feeding. Fish culturists in developing countries 
are interesterl in fish about 25 em (250 g) or 
less in size. For the initial growth of this 
size catfish, the most important natural foods 
are insects and zooplankton; a vegetable sub­
stitute needs to be found to allow supplemental 
feeding. 

Yanni (1972) found that adding olive oil 
(an unsaturated fat) to the diet of c. Zaaera 
increased the fat and reduced the water balance 
in almost all tissues; when added to the diet 
in excess, the fat tends to be laid down as 
unsaturated fat in the fat bodies. This infor­
mation is useful, as it indicates CZarias spp. 
can utilize small amounts of fat as a concen­
trated energy source in supplemental feeding for 
pond culture. This would result in less protein 



Table 6. Feeding habits of the African catfish (CLarias g~iepinusJ from various locations. 

Fish 
Survey location Season length (em) p1anltton fisFi insects mo11uscs non-anima1 Author 

Barberspan, TVL., RSA ++ ++ + + Groenewald (1964) 
Barberspan, TVL., RSA 0-12 11% Schoonbee (1969) 

40+ 22% 
Vaal River, TVL., RSA + + ++ + Groenewald (1964) 
Oukskei River, TVL., RSA ++ + ++ 

Incomati River, TVL., RSA SUI!IIIer 35 1% 69% 6% 8% 13% Gaigher (1969) 
Winter 35 17% 24% 27% 9% 

Lake Sibayi, Natal, RSA 15% 30% 12% 5% 7% M1nshull (1969) 
Wankie National Park, Rhodesia +++ Weir (1972). 
Savory Dam, Rhodesia Summer 3 ++ Holl ( 1968) 

3-8 ++ 

Ngondoma Dam, Rhodesia 30%* 12%* 25%* 4%* 12%* Toots (1969a) 
Nyambuia Dam, Rhodesia 35%* 4%* 55%* Toots (1969b) I ... 
Cleveland Dam, Rhodesia 11%* 30%* 24%* Toots (1968) 0'1 

I 

Lake Mcllwaine, Rhodesia 1.2-7.6 + + ++ Munro (1967) 
20-40 4% 3% 85% 8% + Munro (1965) 
40-60 21% 2% 55% 18% + 
60+ 65% 1% 14% 9% 10% 
5-30 ++ Murray (1975) 

30+ ++ + 
Summer 35%* 35%* 15%* Clay (in press) 
Winter 22%* 34%* 43%* 13%* 40%* 

Lake Kyle, Rhodesia Summer 20+ 15%* 29%* 26%* 
Winter 20+ 19%* 36%* 31%* 27%* 4%* 

Mazoe Dam, Rhodesia · Summer 10%* 50%* 
Winter 39%* 13%* 

Savory Dam, Rhodesia Summer 0-20 100%* 
20-50 6%* 4%* 50%* 14%* 
50+ 10%* 10%* 40%* 12%* 14%* 

Winter 0-20 50%* 16%* 32%* 8%* 
20-50 51%* 17%* 35%* 13%* 
50+ 43%* 15%* 7%* 7%* 7%* 

Lake Karfba, Rhodesia/Zambia ++ Bowmaker (1973) 

Kafue Flood Plan, Zambia ++ ++ Carey ( 1971) 

' .. 



Table 6. (cont 1 d} 

Fish 
Survey locatfon Season length (em} planhon f'hfi lnsects molluscs non-animal 

Lake Chilwa. Malawi + + + 
Lake Malawi. Malawi ++ 

·Lake Ruka. Tanzania + + ++ + +++ 
Lake Victoria. Uganda 90S 
Lake Victoria, Uganda 1-1.2 + + 

24-90 21 751 231 1% 
+ ++ + + 

Bugungu Stream. Uganda 0-15 91 45S 44S 
Victoria Nile, Uganda 10-20 ++ ++ 

Lake Nuguna. Ghana ss 2S 751 7S 

Note: + indicates the relative importance of feeding when the data is not compatible with the table. 

.. 

Author 

Cockson & Bourne (1972t 
Fryer & Iles (1955} 
Mann (1964) 
Corbet (1957) 
Greenwood (1957} 
Corbet p961) 
Graham 1929) 
Corbet (1961} 

Thomas (1966 ) 

I .... ....., 
I 



being broken down for metabolic energy and more 
being available for tissue growth. This should 
lower the total protein input required for cat­
fish production. 
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The rate of gastric digestion is loosely 
related to the time and size of the meal (Palmer 
1973). The calorific value of a meal of fresh 
fish was found to change from 4.8 Kcal g- 1 dry 
weight at ingestion to 4.1 Kcal g-1 at defae­
cation (Palmer 1973). This indicates that the 
fat of the eaten fish is being utilized in pre­
ference to the carbohydrates and/or proteins 
(these have a base calorific value of about 4.4 
Kcal g-1 dry weight). As it ·can be assumed that 
fish protein will be highly digestible for 
CL1rias spp., it follows that c. gariepinus must 
utilize fats relatively efficiently while not as 
readily digesting carbohydrates. 

During starvation fish tend to utilize 
their carbohydrate stores (glycogen) first and 
afterwards draw on their fat (lipid) reserves 
(Love 1970). Kiermeir (1939) showed that, in 
starvation, fish which were sluggish tended to 
maintain very constant blood glucose levels, 
while active fish showed a gradual decrease. 
Yanni (1964) and Al-Gauhari (1958) found that , 
little or no change in blood glucose levels 
occurred in c. Zazera after 5-7 mo starvation. 
Thus it can be assumed that C~as spp. fit 
into the category of sluggish fish (Love 1970), 
which might indicate a greater amount of their 
food energy will go into flesh production and 
less into activity. 

The pH of the stomach of c. gariepinus is 
just slightly alkaline (~H 7-8) when empty, but 
becomes acidic (pH 3-4.5) when food is ingested. 
The intestine is 9enerally slightly acidic (pH 
5-6) (Palmer 1973). Cockson and Bourne (1972) 
found protease in the stomach and anterior intes­
tine of c. gariepinus with an optimum enzyme 
activity level occurring at a pH of 4-6. The 
enzyme activity was found to be four times as 
great in the stomach as in the intestine. Most 
of the protease was found to be pepsin with a 
little trypsin; these enzymes are very general 
in nature and indicate a strong likelihood of 
digestion of all proteins with no specialization 
for the digestion of either plant or animal pro­
tein. Pepsin is found in both herbivorous and 
carnivorous mammals where it acts through the 
hydrolysis of proteins, especially among the 
amino acids, phenylalanine, tryptophan, tryo­
sine, and leucine (White et al. 1968). 

Cockson and Bourne (1972) also found 
amylase produced and located in the anterior and 
posterior intestine of c. gariepinus. Amylase 
has an optimum activity at a pH between 4.5 and 
7 (White et al. 1968). As this shows that starch 
digestion cannot begin until the food is in the 
intestine, c~as spp. would appear to be 
inefficient at starch (carbohydrate) dige_stion. 

Palmer (1973) found that the percent inor­
ganic material in the food increased from 
ingestion to defaecation with the greatest 
change occurring between the intestine and the 
rectum. This indicates that absorption Js 
mainly of organic matter and occurs largely in 
the intestine as would be expected. 

Ctarias spp. has few predators. Crocodiles 
(Cott 1954; Hipple 1946) and predatory birds 
(Donnelly 1973; Junor 1967) are the only signifi­
cant natural predators besides man. This may be 
the reason why cannibalism is often a problem in 
dense CZarias spp. populations. Cloudsley­
Thompson (1959) put forward a theory that canni­
balism is often a means of keeping population 
density down and conserving protein within a 
species. 

Many surveys have indicated the importance 
of filter feeding habits of CU1Pias spp. (Table 
6). Although juvenile catfish (<3 em) were 
known to feed on zooplankton, it was often 
thought that adult fish (>30 em) were more onto·· 
genetically adapted to filter feeding than young . 
juvenile fish (between 3 and 30 em). This was 
because it was thought that the number and length 
of the gill rakers increased and the spacing 
decreased with length (Alexander 1966; Gilchrist 
and Thompson 1913; Jubb 1967; Thomas 1966). 
Murray (1975) found that the gill raker spacing 
in fact increases with length in c. garie~inus. 
Although the young c. gariepinus (3-30 em) did 
not filter feed in Lake Mcilwaine, under labora­
tory conditions they did successfully filter 
feed on plankton. This physical adaptation of 
CU1Pias spp. under 30 em to filter feed is impor­
tant when deciding on species selection for warm 
water pond culture, especially where temperatures 
warrant fertilization of the water. 

Food selection in nature is variable; the 
Clariidae family tend to be opportunistic 
feeders. In Lake Victoria, Corbet (1956) found 
c. gariepinus so unspecialized in feeding that, 
when Simulium spp. which made up 90% of the diet 
were removed by insecticides (DDT), the fish 
changed to a diet of plants, molluscs, etc. 
Weir (1972) found c. gariepinus in pools in 
Wankie National Park, Rhodesia, feeding exclu­
sively on the only food available, insects. 
Munro (1965) found that during the lunar emer­
gence of chironomids c. gariepinus fed exclu­
sively on these insects. Similar exclusive 
feeding patterns were noted by the author at 
Lake Kyle, Rhodesia, with termite flights after 
the heavy rains, and in Sand R~ver Lake, Swazi­
land, during the seasonal bivalve (Lammelli­
branchia) "spawning ru~" into shallow water. 
Greenwald (1964) found c. gariepinus diet to be 
greatly dependent on food availability in 
different environments; thus the catfish becomes 
a piscivore when there is an abundance of fish 
available. In Zambia, Carey (1967) and Tait 
(1967) found CZarias sp. tQ be a major factor in 



fish predation, especially in the Kafue River 
system, in the absence of the tiger fish 
(Hzwocynus vittatus). Generally, it can be 
stated that juvenile Clariidae have been found 
to be filter feeders at less than 3 em in length 
(Corbet 1961; Munro 1967). Thereafter they tend 
to feed on almost anything, with a preference 
for animal protein. 

Even when food may be in short supply 
c~arias spp. have one alternative adaptive 
feature. Social or pack hunting was observed 
and recorded by several authors (Anon. 1975; 
Donnelly 1966; Pooley 1972). During this 
activity, c. gariepinus of 75 em and over form 
a long ct·escent-shaped line and drive small 
fish ahead of them by making a violent commotion 
within the water. They drive the prey fish 
along the shore until they reach a small bay or 
inlet which they can effectively seal off. They 
then commence to feed. 

Thomas (1966) stated that the head and body 
ada pta ti ons of c. sen· ga~ensis indica ted a 
sluggish bottom dweller; in Lake Nungua, Ghana, 
the catfish he observed were predominantly ben­
thic feeders. Groenwald (1964) states that 
several features of the head region of c. 
gariepinus, such as size of mouth and bands of 
small (cardiform) teeth, are adaptations for 
manipulating large prey; the catfish he observed 
were largely piscivorous. Gilchrist and 
Thompson (1913) state that, for this latter 
species, the large number of fine, closely set 
gill rakers is clearly an anatomical feature of 
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a plankton feeder. With such variable adapta­
tions and catholic feeding habits, it is unlikely 
that food would ever provide a serious environ­
mental barrier to the dispersal (Corbet 1961) 
or growth of ~hese fish. 

GROWTH AND PRODUCTION 

The growth of the Clariidae has been the 
subject of much speculation but little detailed 
study. Due to their wide range of feeding 
habits, they have been repeatedly mentioned as 
having a great potential for culture (Brown 
1955; Couveur and Spaas 1956; Symes 1954). This 
potential can only be realized if their growth 
rate is rapid and efficient under culture con­
ditions. Little work has been done in this 
field and what has been done is very contra­
dictory (see Table 7). The basic study (of 
production) that is so.important for the utili­
zation of this family of fishes for aquaculture 
has been sadly neglected. 

The two very high growth rates of c. 
gariepinus found by Munro (1965) and Van der 
Waal (1973), shown in Table 7, appear to be 
rather overly optimistic. Munro (1965) utilized 
n1onthly frequency peaks in commercial gillnets 
to predict the growth of modal groups. With 
fish caught by gilling (the more regular way of 
a gillnet working) this is difficult (Holt 1963) 

and since CZarias spp. have a tendency to tangle 
their spines in gillnets of nearly any size, it 
is virtually impossible to accurately use this 
method. It is also possible that he "lost" the 
first year or two as the catfish would be too 
small to be adequately sampled by the commercial 
fisheries smallest nets (50 mm stretched mesh). 
Vander Waal (1974) used spines to age his fish. 
The initial growth rate he found for the first 
year is extremely high, especially when con­
sidering the growth rate in second and subse­
quent years. There is a possibility that, as 
was pointed out by Marzolf (1955), the lumen of 
the spine of the catfishes enlarges with age, 
thus reabsorbing the surrounding bone and with 
it the first ring. Corbet (1960) observed c. 
gariepinus in Lake Victoria to be between 6 and 
12 mo old at 11 em. This tallies well with the 
observations by Greenwood (1955) and Holl (1968) 
for wild fish (see Fig. 6). 
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Fig. 6. Growth of juvenile CZarias gariepinus 
in east and central Africa (from data 
of Corbet 1960; Greenwood 1957; Boll 
1968). 

Catfish under conditions of culture have a 
much more rapid growth rate. Sidthimunka (1972) 
found cultured c. maaroaepha~us in Thailand had 
reached a marketable size of 250 g (approximately 
30.0 em) in 4-5 mo, an average of about 55 g 
month- 1. Vander Waal· {1970) achieved similar 
growth rates for c. gariepinus in the Republic 
of South Africa. By using pelleted feed, the 
fish reached 300 g in a 5-mo growing season 
(60 g month- 1). Mortimer (1964) reared c. 
gariepinus in fish ponds in Zambia and in a 6-mo 
growing season the fish gr~w from 675 to 1666 g, 
an increase of over 160 g month- 1. During the 
colder months, Mortimer grew fish from 50 to 300 
gin 5 rna (50 g month-1). 



Table 7. Sample field growth rates of the Clarifdae fn the tropics. 

Ageing Total 
Species techniquea "Location Sex (Davs) 0 7 15 60 II III IV Author 

C. batMahus Obs. (Bangeladesh) .58 LO Mookerjee and 
Mazumdar (1950) 

C. Zaze'I'a Vert. Egypt M 19.1 29.5 38.1 46.7 El Bolock (1972) 
F 19.3 29.8 37.2 44.8 

C. Zaze'I'a Obs. C.A.R. 3b Pham {1975) 
C. gariepinus Obs. Uganda .4 .8 Greenwood (1955} 
C. gal"iepinus Vert. Zambia 10.0c 15.0c 20.7c 29.0c Pivnicka (1974) 
C. gariepinus Obs. Rhodesia 13 Bowmaker (1973} 
C. gariepinus Obs. Rhodesia 4.3 6.2 Holl ( 1968) 
c. gariepinus CCC Rhodesia M 30.0 47.0 60.0 72.0 Munro (1965} 

F 27.0 37.0 50.0 58.0 
C. gariepinus Spine R.S.A. 40.0 44.0 50.0 60.0 Van der \~a a 1 {1973) 

I 
N 
0 

aAbreviations are: Obs. - Observation 
I 

Vert. - Vertebrae ageing 
Spine - Spine sections 
CCC - Commercial gillnet catch curves 

bAverage of range of 2.5-3.5 em given by author 

cLength corrected to total length as original paper had them expressed as standard lengths 



Feeding C~ias spp. in culture is another 
aspect requiriftg a great deal of future work. 
little has been done on this subject even though 
C~ias spp. are widely cultured in some coun­
tries. Micha (pers. comm.) reported obtaining 
yields of 16-18 tons ha-l in the Central African 
Republic (CAR) feeding c. lazera on cottonseed 
cake and brewers' waste. Van der Waal (1970) 
in the Republic of South Africa (RSA) found pro­
duction in ponds with no feeding to be less than 
70 kg ha-l, with a mortality rate of 93%. In 
fish ponds with supplemental feeding of pelleted 
food, production was found to be 3.2 tons ha-l, 
with a 90% mortality. The conversion rate of 
these latter fish was found to be between 5:1 
and 6:1 (dr~ pellets:live weight fish). This 
does not compare very favourably with the 6:1 
conversion ratio (wet weight food:live weight 
fish) by Sidthimun~a (1972) in Thailand with 
catfish fed on marine trash fish. 

Khan {1972) noted that cannibalism occurs 
among the fry if there is much size variation. 
The problem of cannib .. lism, a probable reason 
for Vander Waal's (1970) very high mortalities, 
is very common with c~as spp. of southern 
Africa. It is another topic that requires much 
work to determine its true significance to 
culture. 

The culture of c~ias spp. both alone and 
in polyculture with Titapia spp. (Symes 1954) 
and other species requires "variety trials" in 
many locations before it can be offered to 
farmers and/or companies as a feasible proposi­
tion. This type of work is generally very time 
consuming, although not necessarily expensive. 
Until this is done, the many well-documented 
exotic spec1~s will continue to lure potential 
culturists away from indigenous species. 
Although some of the needed trials have begun 
in francophone Africa, it is imperative that the 
necessary trials should begin throughout Africa 
and Asia as soon as possible to allow the fullest 
utilization of indigenous fish for culture. 
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BALANCE OF NATURE.ANIM.KINGD,74C2l:22-28. 

RANGE EXPANSION AND ENVIRONMENTAL IMPRESS OF THE 
INTRODUCED WALKING CATFISH IN THE UNITED STATES. 
ENVIRON.CONSERV.2C2l:145-148. 

C1960lNOTES ON THE FRESHWATER FISHES OF NATAL WITH 
DESCRIPTIONS OF FOUR NEW SPECIES.ANN.NATAL.MUS. 
XIV C 3): 40!:'i-4~)B, 

C1966lFEATURES OF FRESHWATER FISH DISTRIBUTION IN NATAL 
AND A DISCUSSION OF CONTROLLING FACTORS.NEWS LETT 
LIMNOL.SOC.SOUTH AFR.7131-35, 

C1966lFRESHWATER FISH FAMILIES, NEWSL, LIMNOL. 
SOC, STH, AFR. N0,2:16-25, 

(1954lTHE FISH OF THE UPPER NIGER, MEM.INST.FRANC,AFR. 
NOIRE 36 l 1····391, 

C1957l[SECOND PART. THE FISH , IN: THE WATERS AND FISH 
OF THE UPPER VOLTA,] Bl..ANC.M, AND DAGET.J, MEM, 
INST.FRANC AFR,N. 50:95-169 CIN FRENCH), 

C1961lCREMAINS OF FISH IN QUATERNARY SAHARA,] BUL.L,INST 
FRANC. AFR, NOIRE 23AI 182-191 <IN FRENCH) 

<1961lCTHE NATIONAL PARK NIOKOLA-KOBAI PART II, FISH.J 
MEM.INST,FRANC.AFR, NOIRE 62:327-361 <IN FRENCH), 

C1962l[FISH OF FONTA DIAL.ON AND OF LOWER GUINEAJ.MEM, 
INSToFR.AFR,NOIRE,6511·210.CIN FRENCH) 

( :1. 96::;) 

( 1.96"7) 

CFISH rROM THE IVORY COAST <FRESHWATER AND 
BRACKISH),] MEM,INST.FRANC.AFR.NOIRE 7411-385 
<IN FRENCHl 

CON SEVERAL FISHES OF THE IVORY COAST WITH A 
DESCRIPTION OF A NEW SPECIESv CLARIAS CAMOTTEI 
N.SP. CPISCES:SILURIFORMES• CLARIIDAEl,JBULL.MUS, 
NA!N.HlSf.~Af.~AR!S (2)39:278-281.CIN FRENCH), 

C~Yl8l( A CONTRIBUTION TO THE STJDY DF FRESHWATER 
4,FISH,J,BUL.L. I~ST. FUNUAM, AFR, NOlRE (A)r 
~·~;o ( 4 .> t J ~:si:~2·-·9 ~ ( :t:"-1 F: F:ENCH) 

(1969lLON lrl~ PRESENCE OF CLARIAS ALBOPUNCTATUS CPISCESr 
~LARIIDAE) IN THE fCHAD BASIN,] CAH.OFF,RECH.SCI, 
lECH.OUTRE-ME~ CSER,HYDROBIOL,)3(2)174-79,CIN 
FF·~i~.t·~CH) " 

(1962) 

LAN ~XPERIMENT UN FEEDING OF FRY OF CLARIAS 
BATRACHUS WITH VARIOUS KINDS OF FOODJ.INirECH, 
REP, OF BANGKHEN FISHERIES STATIONrBANGKOK. 
CHI T:·"lfY[), 

(1940lNAT~RE AND CAUSES OF EVOLUTION AND ADAPTATION 
JF THE AIR BREATHING FISHES, 27Trl INDIAN SCI, 
CUNG.27(2):215-260. 

Cl945ll..ETHAL TEMPERATURES TO SOME AIR-BREATHING AND NON 
AIR-BREAfHING FISHES UF INDIA,S~I.CULT,CALCUrfA 
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C1962lON A COLLECTION OF FISHES FROM CEYLON 
WITH A DISCUSSION ON THEIR IMPORTANCE IN 
ZOOGEOGRAPHY. ICHTHYOLOGICArKANPOR.l:l-12. 

C1962lON A COLLECTION OF FISHES FROM CEYLON WITH A 
DISCUSSION ON THEIR IMPORTANCE IN ZOOGEOGRAPHY. 
ICTHYOLOICA, KANPUR 1: 1-12 

C1927lTHE BIONOMICS OF CERTAIN AIR-BREATHING FISHES OF 
INDIA• TOGETHER WITH AN ACCOUNT OF THE 
DEVELOPMENT OF THEIR AIR BREATHING ORGANS. 

11Y75l 

(1975) 

PHILOS, TRANS. B216:183-219, 

COMPARATIVE STUDY OF OSTEOCRANIUM AND WEBERIAN 
APPARATUS OF CLARIAS BATRACHUS CLINN.l AND 
HETEROPNEUSTES FOSSILIS CBL.) <PISCES), ZOOL.ANZ. 
195(5-6):374-386. 

COMPARATIVE STUDY OF OSTEO CRANIUM AND WEBERIAN 
APPARATUS OF CLARIAS BATRACHUS AND HETEROPNEUSTES 
FOSSILIS.IND.SCI.CONG.ASSOC.PROC,62:204o 

C1935lETHE DEVELOPMENT AND DISTRIBUTION OF THE 
CLARIIDAEJ,REV.ZOOL.BOT.AFR.28(1-2>:78-147.<IN 
GERMAN) 

(1937) 
[CONTRIBUTIONS TO THE ICHTHYOLOGICAL FAUNA OF 
THE BELGIAN CONGO.J ANN.MUS ,CONGO <1>3:189-294. 
CIN FRENCH), 

C1938lSTUDIES ON THE TREMATODE PARASITES OF FISHES.A 
NEW TREMATODE NEOGANADA BARABANKIAE <NOVoGEN. 
NOV.SPEC.l FROM CLARIAS BATRACHUS.PROC.IND.ACAD. 
SCI.SECT.B.7:132-137, 

(1953) 
A NEW TREMATODE GUAHATIANA BATRACHIING.N.SP, 
FROM THE INTESTINE OF A FRESHWATER FISHr CLARIAS 
BATRACHUS <LINN) OF THE SUB-FAMILY HAPLOCLADINAE 
ODHNERr 1911 PROC.40.INDIAN SC.CONG,CLUCKNOW 
1953l•PART III,SECT.7rPP190, 

C1868)0BSERVATIONS ON SOME OF THE FRESHWATER FISHES OF 
INDIA. PROC,ZOOL.SOC.LOND:274-288, 

C1871l0N THE FRESHWATER SILURIDS OF INDIA AND BURMA. 
P.z.s:7o3-721 

C1877lGEOGRAPHICAL DISTRIBUTION OF INDIAN FRESHWATER 
FISHES.II.THE SILURIDAE,J.LINN.SOC.XIII:338-353. 

C1877lON AMPHIBIOUS AND MIGRATORY FISHES OF ASIA,J,LINN 
SOC.XIII:198-214 

(1888lFISHES OF INDIA. TEXT SUPPL.LOND.PP.485, 
(1973) 

SEXUAL DIMORPHISM IN CERTAIN AIR BREATHING 
TELEOSTS. J,INLAND FISH.SOC.INDIArBARRACKPOREr 
5:71-77. 

C1976liNDUCED SPAWNING OF CLARIAS BATRACHUS. FAO 
AQUACULT.BULL,8(1):4, 

C1969lLAKES OF SOUTH-WESTERN UGANDA.I.PHYSICAL AND 
CHEMICAL STUDIES ON LAKE BUNYONYI. FRESHWATo 
BIOL.2C2>:143-158, 

C1932lTHE NEMATOGNATHA OF CEYLON.PART !.CEYLON J,SCI, 
SECT.B.16:271-289. 

C1956lGIGANTISM IN THE CATFISH CLARIAS TEYSMANNI 
BRACHYSOMA CGUNTHERl, SPOLIA ZEYLAN. 28:17-18. 

C1958lTHREE NEW CYPRINOIDS,A NEW CATFISH AND VARIATION 
AMONG SOME CYPRINOIDS AND AN ANABANTOID OF CEYLON 
SPOLIA ZEYLAN,28(2ll129-138. 
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(1972JRESTING AND LOCOMOTORY BEHAVIOUR OF CLARIAS 
BATRACHUSCLINN.J.CURR.SCI.41(7J:268-269. 

(1972) 

INDUCED BREEDING OF THE FRESHWATER CATFISH 
CLARIAS BATRACHUS <LINN> BY USING PITUITARY 
GLANDS OF MARINE CATFISH. CURR.SCI. 41(24>: 
858-·870. 

(1969JTHE STATUS bF LIMNOLOGICAL KNOWLEDGE OF THE 
CONGO BASIN. IN: IBP REPORT OF THE REGIONAL 
MEETING OF HYDROBIOLOGISTS IN TROPICAL AFRICA. 
KAMPALAr UGANDA,20-28 MAY 1968:15-31. 

<1971>FEEDS FOR TILAPIA AND CATFISH. FAO AQUACULT.BULL 
3(4):4. 

C1972JGROWTH AND PRODUCTION OF CLARIAS. FAD AQUACULT. 
BULL. 4 ( 4 > : 5. 

(1974) 

(1975) 

FIRST GUIDELINES FOR THE CULTURE OF CLARIAS 
LAZERA IN CENTRAL AFRICA. AQUACULTURE 4:227-248. 

CFIRST INFORMATION FOR THE REARING OF CLARIAS 
LAZERA IN CENTRAL AFRICA.J NOTES [IOC.PECHE PISCIC. 
<NOUV.SER.> 11:1-35. <IN FRENCH>. 

<1975)AQUACULTURE ECONOMICS IN TROPICAL AFRICA. IN: 
FAO/C11=A SYMPOSIUM ON ACWACULTURE IN AFRICA' 
GHANA,30 SEPT. 1975r FAO-CIFA--75/SR-3, PP15 

(1973)LAKE NASSER FISHERIES SURVEY AND 
TRAINING PROGRAMME,A.R.EGYPT. FAO-FI-DP/EGY-
66/558/10r PP56. 

<1970>HISTOPHYSIOLOGICAL STUDIES OF THE 
INTERRENAL GLAND IN CLARIAS BATRACHUS LINN. 
ACTA ANAT. 77(2):310-318. 

C1970>EFFECT OF THYROID INHIBITORS ON THE 
THYROTROPHS AND THE HYPOTHALOMO­
HYPOPHSIAL NEUROSECRETORY SYSTEM OF 
CLARIAS BATRACHUS L. INDIAN J.EXP.BIOL. 
8:98-101 

(1970JNEUROSECRETION AND FEEDBACK MECHANISM IN 
CLARIAS BATRACHUS LINN.OVARIECTOMY AND 
ADMINISTRATION OF EXOGENOUS SEX HORMONES. 
CELLULE 68:213-221. 

(1971)THE KARYOMETRIC RESPONSE OF CAUDAL 
NEUROSECRETORY CELLS IN CLARIAS BATRACHUS TO SEX 
STEROIDS. GEN. COMP. ENDOCRINOL. 17<3>:561-563. 

(1976)KARYOMETRIC STUDIES OF THE NUCLEUS PREOPTICUS IN 
FISH CLARIAS BATRACHUS AND TOAD BUFO ANDERSON!!. 
ACTA.ANAT.95(2J:182-189. 

(1975) 

EFFECT OF STARVATION ON FAT CONTENT IN THE AIR 
BREATHING ORGANS OF AMPHIBIOUS FISHES ANABAS 
TESTUDINEUS AND CLARIAS BATRACHUS.J.BIOL.SCI. 
Hl<2> :8j.-84. 

<1874JNOTES ON THE RESPIRATION OF SOME SPECIES OF 
INDIAN FRESH WATER FISHES.PROC.ZOOL.SOC.LOND. 
:312-321. 

<1966JSHOALINGrCOMMUNICATION AND SOCIAL HUNTING IN THE 
CATFISH CLARIAS NGAMENSIS. PISCATORr (67>: 54-55. 

(1969) 

(1970) 

A POSSIBLE TECHNIQUE FOR AGE DETERMINATIONS IN 
SOUTHERN AFRICA SILUROID FISHES. NEWSL. LIMNOL. 
SOC.S.AFR.12:13-15. 

TOUR REPORT - CHIZARIRA GAME RESERVE.<MIMEO. 
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REPORT>INTERNAL REPORT OF DEPT.NAT.PARKS & WDLF. 
MAN.RHODESIA.PP5. 

C1973)ASPECTS OF BEHAVIOUR IN THE CATFISHrCLARIAS 
GARIEPINUSCPISCES:CLARIIDAE> DURING PERIODS OF 
HABITAT DESICCATION. ARNOLDIA 6<9>:1-7. 

(1941) 
A NOTE ON THE DEGENERATION OF GILLS IN AIR 
BREATHING FISHES. J.UNIV.BOMBAYCBIOL.>r10(3) 
:so-as. 

C1951>A COMPARATIVE STUDY OF THE EXTENT OF GILL 
SURFACE IN SOME REPRESENTATIVE INDIAN FISHES AND 
ITS BEARING ON THE ORIGIN OF THE AIR BREATHING 
HABIT. J.UNIV.BOMBAY<BIOL.),29C5):90-102. 

C1955>PAUCITY OF OXYGEN IN THE MEDIUM AS A FACTOR IN 
THE EVOLUTION OF AIR BREATHING HABIT AMONG 
TELEOSTS. J.MAHARAJA SAYAJIRAO UNIV.BARODA, 
4:63-72. 

C1959)A COMPARATIVE STUDY OF THE OXYGEN CARRYING 
CAPACITY OF THE BLOOD IN WATER AND AIR 
BREATHING TELEOSTS,J.MORPH.PHYSIOL.6C1>:48-54. 

(1964) 
FUNCTIONAL ANATOMY OF THE PELVIC FINS OF CERTAIN 
INDIAN FRESH - WATER SILUROIDS. J.UNIV. BOMBAY 
CB)r32(3/5):104-116. 

C1930)[TWO NEW SPECIES OF CLINOSTOMIDAE.J 
BULL. SOC. NEU CHATEL. SCI.NAT, 54:61-72. 
<IN FRENCH) 

<1924>0N A PECULIAR DISPOSITION OF THE LIVER AND THE 
KIDNEY IN THE FISH GENERA CLARIAS AND 
SACCOBRANCHUS, J.ASIAT.SOC.BENG, CALCUTTA 19:111-
120. 

<1975) 
STATUS OF AQUACULTURE IN THE ARAB REPUBLIC OF 
EGYPT, IN: FAO/CIFA SYMPOSIUM ON AQUACULTURE IN 
AFRICA. FAO/CIFA/75/SC 11, PPlO, 

<1968lTHE INLAND FISHERIES OF NIGERIA. MoSC, THESIS• 
UNIVERSITY OF WASHINGTONvUSA,PP100, 

<1975lBIULOGICAL OBSERVATIONS ON SUME SPECIES USED FOR 
AQUACULTURE IN NIGERIA.INIFAU/CIFA SYMPOSIUM ON 
AQUACULTURE IN AFRICAoGHANA,30 SEPT 1975• 
FAO-CIFA--MK/SE.PP12, 

(1964) 

(1960) 

ENCYSTED METACERCARIA IN THE MUSCLES OF CLARIAS 
LAZERA <ARMOUT CATFISH),CEYLON VET,J.12C3ll50-53 

OBSERVATIONS ON AGE, GROWTH AND FEEDING HABITS OF 
CLARIAS LAZERA• CUVIER AND VALENCIENNES IN 
BARRAGE EXPERIMENTAL PONDS, NOTES HYDROBIOL, 
DEP.MINIST,AGRIC. U,A,R, (56>:1-17. 

C1969lC~TF1SH CULTURE, FAD FISH,CULf,BULL. 2(11:7. 
(1972lTHE USE OF VERTEBRAE FOR DETERMINING AGE AND 

GROWTH OF lHE NILE CATFlSH CLARIAS LAZERA<CUVI 
VAL,) INI THE A,R,EGYPT.BULL.INST.OCEANOGR,FISH, 
UAR.2153-82. 

C1973JBREEDING AND CULTURE OF CLARIAS. FAO AQUACULT, 
BULL, 5<3-4)14. 

(1975>STUDIES ON THE BIOLOGY hND CULTURE OF CLARIAS 
LAZERA IN EGYPTIAN PONDS, PH.D. THESIS.CAIRO, 

(1975)REARING OF THE NILE CAfFlSHvCLARIAS LAZERAYTO 

(1975) 

MARKETABLE SIZE IN EGYPTIAN EXPERIMENTAL PONDS, 
INI FAO/CIFA SYMPOSIUM ON AQUACULTURE IN AFRICAY 
GHANA,30SEP1, 1975• FAO-CIFA--75/SE-9v PPB, 

SOME DISEASES UF CULTIVArED FISHES IN EGYPT, 
!NtFAU/CIFA SYMPOSIUM ON AQUACULfURE IN AFRICA. 
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GHANA,30 SEPT.1975,FAO-CIFA/75/SE 14. PP4. 
(1972) 

ON THE BIOLOGY AND CULTURE OF CLARIAS LAZERA 
CCUV.&VAL.>IN EGYPTIAN PONDS. SPAWNING AND 
DEVELOPMENT STAGES, 

C1955>MELANOPHORE CONCENTRATING HORMONE CMCH> OF 
POSSIBLE HYPOTHALAMIC ORIGIN IN THE CATFISH 
PARASILURUS. SCIENCE 121:36-37. 

<1966J[A COMPARATIVE STUDY OF THE FEEDING HABITS OF 
CERTAIN FISH IN BARBERSPAN, TRANSVAALJ. M.sc~ 

THESIS, POTCHEFSTROON UNIVERSITY FOR CHRISTIAN 
HIGHER EDUCATION. <IN AFRICAANS>. 

C1971JSAMPLING FISH STOCKS IN THE KAFUE RIVER. FISH. 
RES. BULL, ZAMBIA•5:297-304, 

C1974>AN ANALYSIS OF THE 1970 COMMERCIAL FISH CATCH IN 
THREE AREAS OF THE KAFUE FLOODPLAIN.AFR.J.TROP. 
HYDROBIOL.FISH.3<2>:147-159 

C1953)[A CONTRIBUTION TO THE STUDY OF LARVAL FORMS 
OF TREMATODES FROM THE BELGIAN CONGO AND, 
ESPECIALLY THE LARVA OF SCHISTOSOMA MANSOMI.J 
MEM.INST.R.COLON.BELGE SECT.SCI.NAT.MED.22(5), 
:312,CIN FRENCH), 

C1966JREPORT TO THE GOVERNMENT OF MALAWI ON FISH 
HANDLINGrPRESERVATION AND DISTRIBUTION. BASED 
ON THE WORK OF Y.C.GILBERG.REP.FAO/UNDPCTA> 
C2224>:PP52. 

C1968JREPORT TO THE GOVERNMENT OF ZAMBIA ON FISHERY 
DEVELOPMENT IN THE CENTRAL BAROTSE FLOOD PLAIN. 
BASED ON THE WORK OF D.W,KELLEY.REP.FAO/UNDPCTA) 
C2554J.PP83, 

C1883)[ABOUT A FEW REPTILES,AMPHIBIANSrAND FISHESr 
IN THE NATURAL HISTORY MUSEUM.JJ,B.HAMB. 
I:1-39,CIN GERMAN), 

(1959) 

(1963) 

(1968) 

(1972) 

TREMATODE PARASITES OF FISHES FROM EGYPT, 
PART I, BASIDIODISCUS ECTORCHIS N.GEN.N.SP. 
AND SANDONIA SUDANENSIS MACLELLANDr 1957 
CPARARAMPHLISTOMIDAE>. PROC, HELMINTH SOC, WASH. 
26 ( 1) : 32·-37 + 

TREMATODE PARASITES OF FISHES FROM EGYPT, 
PART Vii. ORIENTOCREADIUM BATRACHOIDES 
TUBANGUlr 1931 CPLAGIORCHIDIDEA> FROM CLARIAS 
LAZERAr WITH A REVIEW OF THE GENUS AND 
RELATED FORMS. J.PARASIT. 49<3>:451-464. 

DIGENETIC TREMATODES OF SOME FRESHWATER AND 
MARINE FISHES FROM GHANA. PROC, HELMINTH SOC, 
WASH. 35<2>:126-140, 

DIGENETIC TREMATODES OF FISHES FROM THE VOLTA 
l'<IVEF( DHAINAGE SYSTEM PRIOR TO THE CONSTRUCTION 
OF fHE VOLTA DAM AT AKOSOMBO IN MAY 1964,J, 
HELMIN.XLVI<1>:91-106, 

C1973)THREE DIGENETIC TREMATODES OF CLARIAS MOSSAMBICUS 
PETERSCCLARIIDAE> FROM ETHIOPIA. PROC.HELMIN.SOC. 
WASH.40(1J:166-167, 

C1956)SOME ASPECTS OF THE RESPIRATION OF SIX SPECIES 
OF FISH FROM UGANDA. J,EXP.BIOL.33:186-195. 

(1974) 
CHEMICAL ZOOLOGY:DEUTEROSTOMIANS.CYCLOSTOMESr 
AND FISHES VOL VIII.ACADEMIC PRESS.LONDON,PP 682. 

C1915)NOTES ON NEMATOGNATHUUS FISHES. PHILADELPHIA 
PROC.ACAD.NAT.SCI. 67:203-243. 

C1930>THE rk(SHWAIER FISHES OBTAINED BY THE GRAY 
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AFRICAN EXPEDITION - 1929.WITH NOTES ON OTHER 
SPECIES IN THE ACADEMY COLLECTION.PROC.ACAD,NAT, 
SCI.PHILAD.82 :27-83, 

C1936lZOOLOGICAL RESULTS OF THE GEORGE VANDERBILT 
AFRICAN EXPEDITION 1934 PART III- THE FRESHWATER 
FISHES, PROC,ACAD.NAT,SCI, PHILAD. 88:243-335, 

C1937lZOOLOGICAL RESULTS OF THE THIRD DE SCHAUENSEE 
SIAMESE EXPEDITION, PART VIII. FISHES OBTAINED IN 
1936, PROC.ACAD.NAT.SCI. fHILAD, 89:125-264 

C1949lRESULTS OF THE TWO CARPENTER AFRICAN EXPEDITIONS, 
1946-1948.PI.II-THE FISHES.PROC,ACAD.NAT.SCI. 
PHILAD.101.:233-275. 

C1974lRELATIONSHIP OF FISHING MORTALITY TO NATURAL 
MORTALITY AT THE LEVEL OF MAXIMUM SUSTAINABLE 
YIELD UNDER THE LOGISTIC PRODUCTION MODEL.J.FISH. 
RES.BD.CAN.31(9l:1539-1542. 

<1954lCSOME GLANDS ADJACENT TO THE PECTORAL SPINES 
OF THE SILURID CLARIASJBULL.MUS. HIST. NAT, 
BELGE. 30C36l:1-7.CIN FRENCH> 

(1971) 
[AMPHIBIAN FISH,J PRIRQDA, MOSK. 5:123-125, CIN 
RUSSIAN> 

(1955) 
. PREDATION PRESSURE AND EVOLUTION IN LAKE NYASA, 

NATURE 1761470, 
C1959lTHE TROPHIC INTERRELATIONSHIP AND ECOLOGY OF SOME 

LITTORAL COMMUNITIES OF LAKE NYASA WITH SPECIAL 
REFERENCE TO THE FISHES,AND A DISCUSSION OF THE 
EVOLUTION OF A GROUP OF ROCK FREQUENTING 
CICHLIDAE, PROC.ZOOL,SOC.LOND.132:153-281, 

C1959lA REPORT ON THE PARASITIC COPEPODA AND 
BRANCHIURA OF THE FISHES OF LAKE BANGWEULU 
<NORTHERN RHODESIA), PROC.ZOOL.SOC.LOND.132: 517 
-550. 

C1968lTI1E PARASITIC CRUSTACEA OF AFRICAN FRESHWATER 
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Plate 1. Dentition of upper jaw of Clarias 
gariepinus that would previously have 
been named Clarias mossambicus (from 
the Hartbeespoort Dam, Republic of 
South Africa). 

Plate 2. Dentition of upper jaw of typical 
Clarias gariepinus (from Hartbees-
poort Dam, Republic of South Africa). 

     

Plate 3. Liver of dissected Clarias gariepinus 
showing (arrow) hepatic blood vessel 
leaving main body of liver to link to 
the lateral liver lobe. Note orange 
coloured flesh  -  the flesh of the 
African catfish has a venison type 
texture (from Sand-River Lake, 
Swaziland). 

Plate 4. Lateral liver lobe exposed externally 
on Clarias gariepinus. Entry made 
laterally immediately posterior to 
skull: note tubercles on skull plates 
(from Sand-River Lake, Swaziland). 
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